Abstract. Double-lepton polarization asymmetries in Λ b → Λ + − decay are calculated in the universal extra dimension (UED) model. It is found that numerous double-lepton polarization asymmetries are very sensitive to the UED model and therefore can be a very useful tool for establishing new physics predicted by the UED model.
Introduction
Despite the impressive success of the standard model (SM) in describing all existing experimental data, it is commonly believed that SM is the low energy limit of a more fundamental theory. There are two different ways of looking for evidence for new physics beyond the SM: -direct production of new particles at high energy colliders like LHC; -signals of new interactions and particles can be obtained indirectly through the analysis of rare decays. Rare B meson decays induced by the b → s(d) transitions play a special role, since they are forbidden at tree level in the SM and appear only at quantum (one-loop) level. Moreover, these decays are the most promising ones for establishing new physics. New physics in these decays can appear either through the differences in the Wilson coefficients from the ones existing in the SM or through new operator structures in the effective Hamiltonian, which are absent in the SM.
Among all decay channels of B mesons, semileptonic ones receive special interest. These decays are theoretically more or less clean, and they have a relatively large branching ratio. These decays contain many physically measurable quantities, like the forward-backward asymmetry A FB , lepton polarization asymmetries, etc., which are very useful and serve as a testing ground for the SM and are useful for looking for new physics beyond the SM [1] . 
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Another exclusive decay that is described at the inclusive level by the b → s + − transition is baryonic Λ b → Λ + − decay. Unlike mesonic decays, the baryonic decays could maintain the helicity structure of the effective Hamiltonian for the b → s transition [6] . Radiative and semileptonic decays of µ, τ ) and Λ b → Λνν have been studied extensively in the literature [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] (see also [1] and references therein). More about heavy baryons, including the experimental prospects, can be found in [22, 23] .
It is noted in [24] that some of the single-lepton polarization asymmetries might be too small to be observed and therefore might not provide a sufficient number of observables for checking the structure of the effective Hamiltonian. In order to obtain more observables, London et al. proposed to take polarizations of both leptons into account [24] , which are simultaneously measurable. Along these lines the maximum number of independent polarization observables are constructed in [24] . Among the various models of physics beyond the SM, extra dimensions attract special interest, because they include gravity in addition to other interactions, giving hints on the hierarchy problem and a connection with string theory. The model of Appelquist, Cheng and Dobrescu (ACD) [25] with one universal extra dimension (UED), where all the SM particles can propagate in the extra dimension, is very attractive (see also [26] ). Compactification of the extra dimension leads to the Kaluza-Klein model in the four-dimensional case. In this model, the only additional free parameter with respect to the SM is 1/R, i.e., the inverse of the compactification radius.
The restrictions imposed on UED are examined in the current accelerators; for example, Tevatron experiments put the bound at about 1/R ≥ 300 GeV. Analysis of the anomalous magnetic moment [27, 28] and the Z →bb vertex [29] also lead to the bound 1/R ≥ 300 GeV.
A possible manifestation of UED models in the K L -K S mass difference, the parameter ε K , B-B 0 mixing, the mass difference ∆M d,s , and the rare decays
+ µ − and ε /ε are comprehensively investigated in [30, 31] . Exclusive B → K * + − , B → K * ν ν and B → K * γ decays are studied in the framework of the UED scenario in [32] , and Λ b → Λ + − is treated in the UED model in [33] . It is shown in [32] that the most stringent bound on R comes from the B → K * γ decay, restricting R to the values 1/R ≥ 250 GeV, which we will use in our numerical calculations.
In the present work we study the double-lepton polarization asymmetries for Λ b → Λ + − decay in the UED model. The plan of the paper is as follows. In Sect. 2 we briefly discuss the main ingredients of ACD model and calculate all possible double-lepton polarization asymmetries for the rare Λ b → Λ + − decay. Section 3 is devoted to a numerical analysis and conclusions.
Λ b → Λ + ; decay in ADC model
Let us remind the interested reader of the main ingredients of the simplest ACD model, which is the minimal extension of the SM in 4 + 1 dimensions. The five-dimensional ACD model with a single UED uses orbifold compactification; namely, the fifth dimension y that is compactified in a circle of radius R, with the points y = 0 and y = πR fixed points of the orbifolds. Generalization of the SM is realized by the propagating fermions, gauge bosons and the Higgs fields in all five dimensions. The Lagrangian in ACD can be written as
where
Here M and N running over 0, 1, 2, 3, 5 are the fivedimensional Lorentz indices,
N is the field strength tensor for the SU(2) L electroweak gauge group, B MN = ∂ M B N − ∂ N B M is that of the U(1) group, and all fields depend both on x and y. The covariant derivative is defined as
, whereg andg are the fivedimensional gauge couplings for the SU(2) L and U(1) groups. The five-dimensional Γ M matrices are defined as Γ µ = γ µ , µ = 0, 1, 2, 3 and Γ 5 = iγ 5 . In the case of a single extra dimension with coordinate x 5 = y compactified on a circle of radius R, a field F (x, y) would be periodic function of y, and hence can be written as
The Fourier expansions of the fields are
Under the parity transformation P 5 , y → −y, fields having a corresponding field in the four-dimensional SM should be even, so that their zero-mode in the KK can be interpreted as the ordinary SM field, and all remaining new fields should be odd. In the ACD model the KK parity is conserved. This conservation implies that there are no tree level diagrams with exchange of KK modes in low energy processes (at the scale µ 1/R), and a single KK excitation cannot be produced, i.e., these excitations appear only in pairs. Lastly, in the ACD model there are three additional physical scalar modes, a Note that the zero-mode remains massless unless we apply the Higgs mechanism. All fields in the four-dimensional
